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Abstract Electronic transport through a quantum dot chain embodied in an Aharonov-Bohm
interferometer is theoretically investigated. In such a system, it is found that only for the configu-
rations with the same-numbered quantum dots side-coupled to the quantum dots in the arms of the
interferometer, some molecular states of the quantum dot chain decouple from the leads. Namely, in
the absence of magnetic flux all odd molecular states decouple from the leads, but all even molecular
states decouple from the leads when an appropriate magnetic flux is introduced. Interestingly, the
antiresonance position in the electron transport spectrum is independent of the change of the decou-
pled molecular states. In addition, when considering the many-body effect within the second-order
approximation, we show that the emergence of decoupling gives rise to the apparent destruction
of electron-hole symmetry. By adjusting the magnetic flux through either subring, some molecular
states decouple from one lead but still couple to the other, and then some new antiresonances occur.
PACS numbers: 73.63.Kv, 73.21.La, 73.21.Hk, 85.38.Be
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I. INTRODUCTION
During the past years, electronic transport
through quantum-dot(QD) systems has been exten-
sively studied both experimentally and theoretically.
The atom-like characteristics of a QD, such as the
discrete electron levels and strong electron correla-
tion, manifest themselves by the experimental ob-
servations of Coulomb blockade[1, 2, 3, 4], con-
ductance oscillation[5], and Kondo effect[6, 7, 8, 9]
in electronic transport through a QD. Therefore, a
single QD is usually called an artificial atom, and
a mutually coupled multi-QD system can be re-
garded as an artificial molecule. Thanks to the
progress of nanotechnology, it now becomes pos-
sible to fabricate a variety of coupled QD struc-
tures with sizes to be smaller than the electron
coherence[10, 11]. In comparison with a single
QD, coupled QD systems possess higher freedom in
implementing some functions of quantum devices,
such as the QD cellular automata[12] and solid-state
quantum computation[13, 14].
Motivated by an attempt to find some interest-
ing electron transport properties, recently many ex-
perimental and theoretical works have become in-
creasingly concerned about the electronic transport
through various multi-QD systems[15, 16, 17, 18,
19]. According to the previous researches, the peaks
of the linear conductance spectra of coupled-QD sys-
tems reflect the eigenenergies of the corresponding
coupled QDs. On the contrary, the zero point of the
conductance, called antiresonance, originates from
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the destructive quantum interference among elec-
tron waves passing through different transmission
paths. With respect to the coupled-QD structures,
the typical ones are the structures of the so-called T-
shaped QDs [20, 21, 22, 23, 24, 25]and the parallel
QDs [26, 27, 28, 29]( i.e., the QDs embodied in the
Aharonov-Bohm (AB) interferometer). A unique
property of electron transport through the T-shaped
QD systems is that the antiresonance points coin-
cide with the eigenenergies of the side-coupled QDs,
which has also been observed experimentally[20, 21].
On the other hand, the parallel-coupled QD systems,
which offer two channels for the electron tunneling,
have also attracted much attention. In such struc-
tures, with the adjustment of magnetic flux the AB
effect has been observed. Meanwhile, the appropri-
ate couplings between the molecular states of the
coupled QDs and leads can be efficiently adjusted,
which gives rise to the tunable Fano effect[27, 28].
Moreover, under the condition of an appropriate
external field, some molecular states can decou-
ple completely from the leads, which is referred to
as the formation of bound states in continuum in
some literature[30]. According to the previous re-
searches, the existence of decoupling plays a non-
trivial role in the quantum interference of QD struc-
tures, especially, it changes the property of the quan-
tum interference[31]. Therefore, it is still desir-
able to clarify the decoupling in electronic transport
through some coupled-QD structures.
Since the development of nanotechnology, it is
feasible to fabricate the coupled QDs, in particu-
lar the QD chain, in the current experiment[32, 33].
Thereby we are now theoretically concerned with the
electron transport properties of the this structure,
by considering it embodied in the AB interferome-
ter. As a result, we find that for the structures with
the same-numbered QDs side-coupled to the QDs in
2the two arms of the interferometer, some molecu-
lar states of the QD chain decouple from the leads,
and which molecular states decouple from the leads
is determined by the adjustment of magnetic flux.
Besides, in the case of the many-body effect being
considered, the existence of decoupling gives rise to
the destruction of electron-hole symmetry.
II. MODEL
The coupled-QD structure we consider is illus-
trated in Fig.1(a). The Hamiltonian that describes
the electronic motion in such a structure reads H =
HC +HD+HT , in which HC is the Hamiltonian for
the noninteracting electrons in the two leads, HD
describes the electron in the QD chain, and HT de-
notes the electron tunneling between the leads and
QDs. They take the forms as follows.
HC =
∑
σkα∈L,R
εkαc
†
kασckασ ,
HD =
N∑
σ,m=1
εmd
†
mσdmσ +
∑
m
Umnm↑nm↓
+
N−1∑
σ,m=1
(tmd
†
m+1σdmσ +H.c.),
HT =
∑
kασ
(Vαjd
†
jσckασ + Vαj+1d
†
j+1σckασ +H.c.),
(1)
where c†kασ (ckασ) is an operator to create (anni-
hilate) an electron of the continuous state |k, σ〉 in
lead-α with σ being the spin index, and εkα is the
corresponding single-particle energy. d†mσ (dmσ) is
the creation (annihilation) operator of electron in
QD-m, εm denotes the electron level in the corre-
sponding QD, tm is the interdot hopping coefficient,
and Um represents the intradot Coulomb repulsion.
nmσ = d
†
mσdmσ is the electron number operator in
QD-m. We assume that only one level is relevant in
each QD and the value of εm is independent of m,
i.e, εm = ε0. In the expression of HT , the sequence
numbers of the two QDs in the interferometer arms
are taken as j and j+1, and Vαj and Vαj+1 with α =
L,R denotes the QD-lead coupling coefficients. We
adopt a symmetric QD-lead coupling configuration
which gives that VLj = V e
iφL/2, VLj+1 = V e
−iφL/2,
VRj = V e
−iφR/2, and VRj+1 = V eiφR/2 with V be-
ing the QD-lead coupling strength. The phase shift
φα is associated with the magnetic flux Φα threading
the system by a relation φα = 2piΦα/Φ0, in which
Φ0 = h/e is the flux quantum.
To study the electronic transport properties of
such a structure, the linear conductance at zero tem-
perature is obtained by the Landauer-Bu¨ttiker for-
mula
G = e
2
h
∑
σ
Tσ(ω)|ω=εF . (2)
T (ω) is the transmission function, in terms of Green
function which takes the form as[34, 35]
Tσ(ω) = Tr[Γ
LGrσ(ω)Γ
RGaσ(ω)], (3)
where ΓL is a 2 × 2 matrix, describing the strength
of the coupling between lead-L and the QDs in
the interferometer arms. It is defined as [ΓL]ll′ =
2piVLlV
∗
Ll′ρL(ω) ( l, l
′ = [j, j + 1]). We will ig-
nore the ω-dependence of ΓLll′ since the electron
density of states in lead-L, ρL(ω), can be usu-
ally viewed as a constant. By the same token,
we can define [ΓR]ll′ . In fact, one can readily
show that [ΓL]ll = [Γ
R]ll in the case of identi-
cal QD-lead coupling, hence we take Γ = [ΓL]ll =
[ΓR]ll to denote the QD-lead coupling function. In
Eq. (3) the retarded and advanced Green func-
tions in Fourier space are involved. They are de-
fined as follows: Grll′,σ(t) = −iθ(t)〈{dlσ(t), d†l′σ}〉
and Gall′,σ(t) = iθ(−t)〈{dlσ(t), d†l′σ}〉, where θ(x) is
the step function. The Fourier transforms of the
Green functions can be performed via G
r(a)
ll′,σ(ω) =∫∞
−∞G
r(a)
ll′,σ(t)e
iωtdt. These Green functions can
be solved by means of the equation-of-motion
method[36, 37]. By a straightforward derivation, we
obtain the retarded Green functions which are writ-
ten in a matrix form as
Grσ(ω) =
[
gjσ(z)
−1 −tj + iΓj,j+1
−t∗j + iΓj+1,j gj+1σ(z)−1
]−1
, (4)
with z = ω + i0+ and Γll′ =
1
2 ([Γ
L]ll′ + [Γ
R]ll′).
glσ(z) = [(z − εl)Slσ − Σlσ + iΓll]−1, is the zero-
order Green function of the QD-l unperturbed by
QD-l′, in which the selfenergies
Σjσ =
t2j−1
(z − εj−1)Sj−1σ − t
2
j−2
(z−εj−2)Sj−2σ−
. . . t
2
2
(z−ε2)S2σ−
t2
1
(z−ε1)S1σ
Σj+1σ =
t2j+1
(z − εj+1)Sj+1σ − t
2
j+2
(z−εj+2)Sj+2σ−
. . . t
2
N−1
(z−εN−1)SN−1σ−
t2
N
(z−εN )SNσ
account for the laterally coupling of the QDs to
QD-j and QD-j + 1, respectively[36]. The quan-
tity Smσ =
z−εm−Um
z−εm−Um+Um〈nmσ¯〉 (m ∈ [1, N ]) is the
contribution of the intradot Coulomb interaction up
to the second-order approximation[25]. In addition,
the advanced Green function can be readily obtained
via a relation Gaσ(ω) = [G
r
σ(ω)]
†.
It is easy to understand that in the noninteracting
case, the linear conductance spectrum of the cou-
pled QD structure reflects the eigenenergy spectrum
of the “molecule” made up of the coupled QDs. In
other words, each resonant peak in the conductance
spectrum represents an eigenenergy of the total QD
molecule, rather than the levels of the individual
3QDs. Therefore, it is necessary to transform the
Hamiltonian into the molecular orbital representa-
tion of the QD chain. We now introduce the elec-
tron creation(annihilation) operators corresponding
to the molecular orbits, i.e., f †mσ (fmσ). By the diag-
onalization of the single-particle Hamiltonian of the
QDs, we find the relation between the molecular and
atomic representations (here each QD is regarded
as an “atom”). It is expressed as [f†σ] = [η][d
†
σ].
The N ×N transfer matrix [η] consists of the eigen-
vectors of the QD Hamiltonian. In the molecular
orbital representation, the single-particle Hamilto-
nian takes the form: H =
∑
kσα∈L,R
εαkc
†
αkσcαkσ +∑
m=1,σ emf
†
mσfmσ+
∑
αkσ
vαmf
†
mσcαkσ+h.c., in which
em is the eigenenergy of the coupled QDs. The cou-
pling between the molecular state |mσ〉 and the state
|k, σ〉 in lead-α can be expressed as
vαm = Vαj [η]
†
jm + Vαj+1[η]
†
j+1,m. (5)
In the case of symmetric QD-lead coupling, the
above relation can be rewritten as vαm = V ([η]
†
jm+
[η]†j+1,me
iφα). Fig.1(b) shows the illustration of the
QD structure in the molecular orbital representa-
tion. We here define γαmm = 2pivαmv
∗
αmρα(ω) which
denotes the strength of the coupling between the
molecular state |mσ〉 and the leads.
III. NUMERICAL RESULTS AND
DISCUSSIONS
With the theory in the above section, we can per-
form the numerical calculation to investigate the lin-
ear conductance spectrum of this varietal parallel
double-QD structures, namely, to calculate the con-
ductance as a function of the incident electron en-
ergy. Prior to the calculation, we need to introduce
a parameter t0 as the unit of energy.
We choose the parameter values tm = Γ = t0 for
the QDs to carry out the numerical calculation. And
ε0, the QD level, can be shifted with respect to the
Fermi level by the adjustment of gate voltage ex-
perimentally. Typically, the case of φL = φR = φ
are first considered. Fig.2 shows the linear conduc-
tance spectra (G versus ε0) for several structures
with the QD number N = 2 to 4. It is obvious that
the 2-QD structure just corresponds to the paral-
lel double QDs with interdot coupling mentioned in
some previous works[27, 28]. Its conductance spec-
trum presents a Breit-Wigner lineshape in the ab-
sence of magnetic flux, as shown in Fig.2(a). Such
a result can be analyzed in the molecular orbital
representation. Here the [η] matrix, takes a form
as [η] = 1√
2
[ −1 1
1 1
]
, presenting the relation be-
tween the molecular and ‘atomic’ representations.
Then with the help of Eq. (5) one can find that
here the bonding state completely decouples from
the leads and only the antibonding state couples to
the leads, which leads to the appearance of the Breit-
Wigner lineshape in the conductance spectrum. On
the other hand, when introducing the magnetic flux
with φ = pi, we can see that the decoupled molecular
state is changed as the antibonding state, as exhib-
ited by the dashed line in Fig.2(a). In such a case,
only the bonding state couples to the leads and the
conductance profile also shows a Breit-Wigner line-
shape.
In Fig.2(b) the conductance curves as a function
of gate voltage are shown for the 3-QD structure.
Obviously, there exist three conductance peaks in
the conductance profiles and no decoupled molecu-
lar state appears. We can clarify this result by cal-
culating vαm = V ([η]
†
jm + [η]
†
j+1,me
iφ). Via such a
relation, one can conclude that vαm is impossible to
be equal to zero in this structure regardless of the
adjustment of magnetic flux. Thus one can not find
the decoupled molecular states, the state-lead cou-
pling may be relatively weak, though. Just as shown
in Fig.2(b), in the absence of magnetic flux the dis-
tinct difference of the couplings between the molec-
ular states and leads offer the ‘more’ and ‘less’ res-
onant channels for the quantum interference. Then
the Fano effect occurs and the conductance profile
presents an asymmetric lineshape. In addition, the
Fano lineshape in the conductance spectrum is re-
versed by tuning the magnetic flux to φ = pi, due to
the modulation of magnetic flux on vαm.
When the QD number increases to N = 4, there
will be two configurations corresponding to this
structure, i.e, the cases of j = 1 and j = 2. As
a consequence, the conductance spectra of the two
structures remarkably differ from each other. With
respect to the configuration of j = 1, as shown in
Fig.2(c), the electron transport properties presented
by the conductance spectra are similar to those in
the case of the 3-QD structure, and there is also
no existence of decoupled molecular states. How-
ever, for the case of j = 2, as shown in Fig.2(d), it
is clear that in the absence of magnetic flux, there
are two conductance peaks in the conductance spec-
trum, which means that the decoupling phenomenon
comes into being. Alternatively, in the case of φ = pi,
there also exist two peaks in the conductance profile.
But the conductance peaks in the two cases of φ = 0
and pi do not coincide with one another. We can
therefore find that in this structure, when φ = npi
the decoupling phenomena will come about, and the
adjustment of magnetic flux can effectively change
the appearance of decoupled molecular states. By
a further calculation and focusing on the conduc-
tance spectra, we can understand that in the case
of φ = 2npi, the odd (first and third) molecular
states of the coupled QDs decouple from the leads;
In contrast, the even (second and fourth) molecu-
lar states of the QDs will decouple from the leads if
φ = (2n−1)pi. Additionally, in Fig.2(d) it shows that
the conductance always encounters its zero when the
4level of the QDs is the same as the Fermi level of the
system, which is irrelevant to the tuning of magnetic
flux from φ = 0 to pi.
In order to obtain a clear physics picture about
decoupling, we analyze this problem in the molec-
ular orbital representation. By solving the [η] ma-
trix and borrowing the relation vαm = Vαj [η]
†
jm +
Vαj+1[η]
†
j+1,m, it is easy to find that in the case of
zero magnetic flux, vα1 and vα3 are always equal
to zero, which brings out the completely decoupling
of the odd molecular states from the leads. Unlike
this case, when φ = pi the values of vα2 and vα4 are
fixed at zero, and such a result leads to the even
molecular states to decouple from the leads. How-
ever, the underlying physics responsible for antires-
onance is desirable to clarify. We then analyze the
electron transmission by the representation trans-
formation. We take the case of φ = 0 as an ex-
ample, where only two molecular states |2σ〉 and
|4σ〉 couple to the leads due to decoupling. Ac-
cordingly, |2σ〉 and |4σ〉 might be called as well the
bonding and antibonding states. As is known, the
molecular orbits of coupled double QD structures,
e.g, the well-known T-shaped QDs, are regarded
as the bonding and antibonding states. Therefore,
by employing the representation transformation
[a†σ] = [β][f
†
σ], such a configuration can be changed
into the T-shaped double-QD system (see Fig.1(c))
of the Hamiltonian H = ∑
kσα∈L,R
εαkc
†
αkσcαkσ +∑2
σ,n=1Ena
†
nσanσ+τ1a
†
2σa1σ+
∑
αkσ
wα1a
†
1σcαkσ+h.c..
By a further derivation, the relations between the
structure parameters of the two QD configurations
can be obtained with E1 = ε0 + t0, E2 = ε0,
τ1 = t0, and wα1 = Vα1 respectively with [β] =
1√
2
√
5
[
−
√√
5− 1
√√
5 + 1√√
5 + 1
√√
5− 1
]
. The 4-QD struc-
ture is then transformed into the T-shaped double
QDs with ε0 being the level of dangling QD. Just as
discussed in the previous works[25], in the T-shaped
QDs antiresonance always occurs when the dangling
QD level is aligned with the Fermi level of the sys-
tem, one can then understand that in this 4-QD
system, the antiresonant point in the conductance
spectrum is consistent with ε0 = εF = 0. When
paying attention to the [η]† matrix, one will see
that [η]†12 = [η]
†
43, [η]
†
22 = −[η]†33, [η]†32 = [η]†23,
and [η]†42 = −[η]†13 for the 4-QD structure. As a
result, such relations give rise to vα2|φ=0 = vα3|φ=pi
and vα4|φ=0 = vα1|φ=pi. So, when φ = pi the mag-
netic flux reverses the lineshape of the conductance
spectrum in the case of φ = 0. Based on these prop-
erties, we can realize that the quantum interference
in the φ = pi case is similar to that in the case of
φ = 0. Therefore, the antiresonant point in the con-
ductance spectra is independent of the adjustment
of magnetic flux.
Similar to the analysis above, we can expect that
in the structure of with tm = t0 and εm = ε0, when
N is even and j = N2 there must be the appearance
of decoupled molecular states. To be concrete, in
the case of φ = 2npi, the odd (first and third) molec-
ular states of the coupled QDs decouple from the
leads, whereas the even (second and fourth) molec-
ular states of the QDs will decouple from the leads
if φ = (2n − 1)pi. This expectation can be con-
firmed because of [η]†jm = −[η]†j+1,m(m ∈ odd) and
[η]†jm = [η]
†
j+1,m(m ∈ even) for the QDs. The nu-
merical results in Fig.3, describing the conductances
of 6-QD and 8-QD structures, can support our con-
clusion. Besides, with the help of the representation
transformation the antiresonance positions can be
clarified by transforming these structure into the T-
shaped QD systems.
Fig.4 shows the calculated conductance spectra
of the double-QD structure by incorporating the
many-body effect to the second order and consid-
ering the uniform on-site energies of all the QDs
Um = U = 2t0 as well as 4t0, respectively. It is
seen that the conductance spectra herein split into
two groups due to the Coulomb repulsion. But in
each group the present decoupling phenomenon and
antiresonance are similar to those in the noninter-
acting case. In addition, for each case (U = 2t0
or 4t0) between the two separated groups a con-
ductance zero emerges in the conductance spectra.
According to the previous discussions, when the
many-body terms are considered within the second-
order approximation, a pseudo antiresonance, re-
sulting from the electron-hole symmetry, should oc-
cur at the position of ε0 = −U2 where 〈nmσ〉 = 12
[25, 36, 37]. However, with respect to such a sit-
uation, unlike the conventional electron-hole sym-
metry, the position of such a conductance zero de-
parts from ε0 = −U2 remarkably. Taking the struc-
ture of double QDs as an example, in the absence
of magnetic flux, this conductance zero appears at
the position of ε0 = − 32 t0 when U = 2t0, but it
presents itself at the point of ε0 = −3t0 in the case
of U = 4t0, as shown in Fig.4(a) and (c). Meanwhile,
we can obtain mathematically that around the point
of ε0 = −U2 , the average electron occupation num-
ber 〈nmσ〉 is not equal to 12 any more. Hence, the
presence of decoupled molecular state destroys the
electron-hole symmetry. All these numerical results
can be explained as follows. For such a double-
QD structure, one can understand that when the
many-body terms are considered within the second-
order approximation, the molecular levels are given
by ε0 − t0, ε0 + t0, ε0 − t0 + U , and ε0 + t0 + U ,
respectively. So, when ε0 = −U2 , they distribute
symmetrically about the Fermi level of the system,
which results in 〈nmσ〉 = 12 and G = 0. But, since
the unique QD-lead coupling manner of our model,
in the absence of magnetic flux the bonding states (
with the levels ε0−t0 and ε0−t0+U) completely de-
couple from the leads and only the other two states (
ε0+ t0 and ε0+ t0+U ) provide the channels for the
5electron transport. Obviously, under the condition
of ε0 = −U2 the levels ε0+ t0 and ε0+ t0+U do not
distribute symmetrically about the Fermi level of the
system, thus the electron-hole symmetry is broken,
which shows itself as the result of 〈nmσ〉 6= 12 . Al-
ternatively, in the case of φ = pi, only the bonding
states couple to the leads, which also destroys the
electron-hole symmetry, corresponding to the results
in Fig.4(b) and (d). The case of 4-QD structure, as
shown Fig.5, can also be clarified based on such an
approach.
Next we turn to focus on the situation of φα = npi
and φα′ 6= npi. By virtue of Eq.(5) we can expect
that for such a case, some molecular states of the
QDs will decouple from lead-α but they still couple
to lead-α′. In Fig. 6 it shows the research on the
electron transport within the double-QD and four-
QD j = 2 structures. For the double-QD struc-
ture, it is obvious that in the case of φL = 0 and
φR = 0.5pi both the bonding and antibonding states
couple to lead-R but the bonding state decouples
from lead-L. The corresponding numerical result is
shown in Fig.6(a). Clearly, due to the decoupling of
the bonding state from lead-L, antiresonance occurs
at the position of ε0 = t0. This means that in this
case antiresonance will come about when the level of
such a decoupled molecular state is consistent with
the Fermi level, corresponding to the discussions in
the previous works[37]. In the case of φL = 0 and
φR = pi, the bonding state decouples from lead-L
with the antibonding state decoupled from lead-R.
So herein there is no channel for the electron tun-
neling and the conductance is always equal to zero,
despite the shift of QD level, corresponding to the
dotted line in Fig.6(a). On the other hand, by fix-
ing φR = pi and increasing φL to 0.5pi, one will
see that the decoupling of antibonding state from
lead-R results in the antiresonance at the point of
ε0 = −t0. With regard to the 4-QD j = 2 struc-
ture, the decoupling-induced antiresonance is also
remarkable in the case of φα = npi and φα′ 6= npi.
As shown in Fig.6(b) there are two kinds of antires-
onant points in such a case: One originates from the
quantum interference between the coupled molecu-
lar states, and the other is caused by the decoupling
of some molecular states. With respect to the many-
body effect, as shown in Fig. 6(c), apart from the
appearance of two groups in the conductance spec-
tra, the electron-hole symmetry remains, which is
due to that there is no completely decoupling of the
molecular states from the leads in such a case.
In Fig.7 the linear conductances of the semi-
infinite and infinite QD chains are presented as a
function of gate voltage. As shown in Fig.7, re-
gardless of the semi-infinite or infinite QD chains,
no conductance peak is consistent with any eigen-
level since the molecular states of the QDs become
a continuum in such a case. In the case of contin-
uum, although some molecular states decouple from
the leads, it can not affect the electron transport for
reasons that the electron transmission paths can not
be differentiated. Thus no antiresonance appears in
the conductance spectra. However, when investigat-
ing the influence of the difference between φL and
φR on the electron transport, we find that in the sit-
uation of φL = 0 and φR = 0.5pi the conductance of
the infinite QD chain encounters its zero at the down
side of energy band, as shown in Fig.7(d). Such a
result can be explained as follows. The coupling of
a semi-infinite QDs to QD-l indeed brings out the
self-energy Σlσ =
1
2 (−ε0 − i
√
4t20 − ε20). Then at
both sides of the energy band (i.e., ε0 = ±2t0), the
structure is just transformed into a new double-QD
configuration with ε1 = ε2 =
ε0
2 = t0. As a result,
in the case of ε0 = 2t0 the bonding state of such
a new double-QD structure, which has decoupled
from lead-L since φL = 0 and φR = 0.5pi ( as dis-
cussed in the previous paragraph ), is aligned with
the Fermi level, thereupon, the electron tunneling
here presents antiresonance. Alternatively, for the
case of φL = 0.5pi and φR = pi a similar reason gives
rise to antiresonance at the position of ε0 = −2t0.
In addition, it is apparent that in the case of φL = 0
and φR = pi the conductance is always fixed at zero.
This is because that in such a situation any molecu-
lar state coupled to lead-α is inevitable to decouple
from lead-α′, though the molecular states of the QDs
is continuum. Thus, there is still no channel for the
electron transport.
IV. SUMMARY
With the help of nonequilibrium Green function
technique, the electron transport through a QD
chain embodied in an AB interferometer has been
theoretically investigated. It has been found that
for the configurations with the same-numbered QDs
coupled to the QDs in the interferometer arms, in
the case of φ = 2npi all odd molecular states of the
QDs decouple from the leads, but all even molecular
states decouple from the leads when the magnetic
flux phase factor is equal to (2n − 1)pi. With the
increase of magnetic flux from (2n − 1)pi to 2npi,
the antiresonance position in the electron transport
spectrum is independent of the change of the decou-
pled molecular states. By representation transfor-
mation, these results are analyzed in detail and the
quantum interference in these structures are there-
fore clarified. When the many-body effect is con-
sidered up to the second-order approximation, we
showed that the emergence of decoupling gives rise
to the apparent destruction of electron-hole symme-
try. Finally, the cases of different magnetic fluxes
through the two subrings were studied, it showed
that via the adjustment of the magnetic flux through
either subring, some molecular states would decou-
ple from one lead but still couple to the other, which
cause the occurrence of new antiresonances.
At last, we would like to point out that the
6theoretical model in the present work can also be
regarded as a double-QD AB interferometer with
some impurities side-coupled to the QDs in its
arms[37, 38], thus the calculated results can mimic
the influence of impurity states on the electronic
transport behaviors in such a structure. Therefore,
we anticipate that the present work may be helpful
for the related experiments.
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7FIG. 1: (a) Schematic of the QD chain with two neigh-
boring QDs coupled to both leads. Two magnetic fluxes
ΦL and ΦR thread the subrings in the structure. (b)
An illustration of the couplings between the molecular
states of the QDs and the leads. (c) presents a T-shaped
QD structure.
FIG. 2: The linear conductance spectra of N-QD chains
with N = 2 to 4. The structure parameters take the
values as Γ = tm = t0, with t0 being the unit of energy.
FIG. 3: (a) The conductances of 6-QD system with j =
3. In (b) The conductances of 8-QD structure are shown
in the case of j = 4.
FIG. 4: The linear conductance spectra of double-QD
structure with the many-body terms being considered.
FIG. 5: In the presence of many-body terms, the linear
conductance spectra of 4-QD structure with U = 2t0 to
4t0.
FIG. 6: The calculated conductance spectra of the
double-QD and 4-QD structures in the cases of φα = npi
and φα′ 6= npi.
FIG. 7: The conductances of the semi-infinite and infi-
nite QD chains in the absence or presence of magnetic
flux.
1Lw 1Rw
1E
2E
1τ
L R
L R
1e
Ne
1−Ne
2e
1Lv 1Rv
2Lv 2Rv
NLv RNv
1−RNv1−LNv
(a)
(b)
(c)
LΦ
LjV RjV
1+LjV 1+RjV
L R
jε
RΦjt
1+jt
1ε
1−jt
1−jε
Nε
2+jε
1+jε
0.0
0.5
1.0
0 , 2mt t N= Γ = =  φ=0
 φ=pi
(a)
ε0 (in units of t0)
 
 
Co
n
du
ct
a
n
ce
 
(2e
2 /h
)
0.0
0.5
1.0
0 , 3mt t N= Γ = =  φ=0
 φ=pi
(b)
  
0.0
0.5
1.0
0 , 4, 2mt t N j= Γ = = =
0 , 4, 1mt t N j= Γ = = =  φ=0
 φ=pi(c)
 
 
 
-4 -3 -2 -1 0 1 2 3 4
0.0
0.5
1.0
 φ=0
 φ=pi
(d)
 
 
 
0.0
0.5
1.0
(a)
ε0 (in units of t0)
 φ=0
 φ=pi
 
 
Co
n
du
ct
a
n
ce
 
(2e
2 /h
)
-4 -3 -2 -1 0 1 2 3 4
0.0
0.5
1.0
0 , 6, 3mt t N j= Γ = = =
0 , 8, 4mt t N j= Γ = = =(b)  φ=0
 φ=pi
  
 
 
0.0
0.5
1.0
 Conductance 
 <n
mσ
>
  
 
 
0.0
0.5
1.0
(b)  Conductance 
 <n
mσ
>
 
 
Co
n
du
ct
a
n
ce
 
(2e
2 /h
) a
n
d 
<
n
m
σ
>
0.0
0.5
1.0
(c)  Conductance 
 <n
mσ
>
  
 
-6 -5 -4 -3 -2 -1 0 1 2 3
0.0
0.5
1.0
0 0
0
,
4 , 0
m m
m
t t
U t
ε ε
φ
= Γ = =
= =
0 0
0
,
4 ,
m m
m
t t
U t
ε ε
φ pi
= Γ = =
= =
0 0
0
,
2 ,
m m
m
t t
U t
ε ε
φ pi
= Γ = =
= =
0 0
0
,
2 , 0
m m
m
t t
U t
ε ε
φ
= Γ = =
= =
(d)
(a)
 Conductance 
 <n
mσ
>
  
ε0 ( in units of t0)
0.0
0.5
1.0
1.5
 conductance 
 <n1σ>
 <n2σ>
 conductance 
 <n1σ>
 <n2σ>
(c)
 
 
 
 
0.0
0.5
1.0
1.5
0 0
0
,
2 , 0
m m
m
t t
U t
ε ε
φ
= Γ = =
= =
 conductance 
 <n1σ>
 <n2σ>
(a)
  
 
 
0.0
0.5
1.0
1.5  conductance 
 <n1σ>
 <n2σ>
0 0
0
,
2 ,
m m
m
t t
U t
ε ε
φ pi
= Γ = =
= =
  
 
 
-5 -4 -3 -2 -1 0 1 2 3
0.0
0.5
1.0
1.5
ε0 (in units of t0)
Co
n
du
ct
a
n
ce
 
(2e
2 /h
) a
n
d 
<
n
m
σ
>
0 0
0
,
4 ,
m m
m
t t
U t
ε ε
φ pi
= Γ = =
= =
(b)
(d)
0 0
0
,
4 , 0
m m
m
t t
U t
ε ε
φ
= Γ = =
= =
  
 
 
0.0
0.5
1.0
 φL=0, φR=0.5pi
 φL=0.5pi, φR=pi
 φL=0, φR=0.5pi
 φL=0, φR=pi
 φL=0.5pi, φR=pi
(a)
  
 
 
-4 -3 -2 -1 0 1 2 3 4
0.0
0.5
1.0
0 , 0
4, 2
mt t U
N j
= Γ = =
= =
0
2, 0
mt t
N U
= Γ =
= =
ε0 (in units of t0)
 
ε0 (in units of t0)
 φL=0, φR=0.5pi
 φL=0, φR=pi
 φL=0.5pi, φR=pi
(b)
 
Co
n
du
ct
a
n
ce
 
(2e
2 /h
)
-5 -4 -3 -2 -1 0 1 2 3
0.0
0.5
1.0
0 0, 2, 2mt t N U t= Γ = = =(c)
 
 
 
 
0.0
0.5
1.0
0 , , 1mt t N j= Γ = = ∞ =
 φ=0
 φ=pi
(a)
  
 
 
0.0
0.5
1.0
ε0 (in units of t0)
0 , 2mt t N j= Γ = = = ∞
 φ=0
 φ=pi
(b)
  
0.0
0.5
1.0 0
, , 1mt t N j= Γ = = ∞ =
 φL=0, φR=0.5pi
 φL=0, φR=pi
 φL=0.5pi, φR=pi
(c)
  
 
-4 -3 -2 -1 0 1 2 3 4
0.0
0.5
1.0 0
, 2
m
t t N j= Γ = = = ∞
 φL=0, φR=0.5pi
 φL=0, φR=pi
 φL=0.5pi, φR=pi
(d)
Co
n
du
ct
a
n
ce
 
(2e
2 /h
)
  
 
 
